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(54) GRID-CONNECTED CONVERTER AND HIGH VOLTAGE RIDE THROUGH CONTROL METHOD 
FOR GRID-CONNECTED CONVERTER

(57) A grid-connected converter and a method for
controlling a high-voltage ride-through for a grid-connect-
ed converter are provided in the present disclosure. The
method includes: obtaining detection data of a voltage
of a grid-connected point of the grid-connected converter;
determining, based on the detection data of a voltage of
the grid-connected point, whether the grid-connected

converter enters a high voltage ride-through mode; and
controlling an inverting circuit of the grid-connected con-
verter to enter an off state, and controlling a converting
circuit connected to a direct-current bus to switch to a
state of controlling a voltage of the direct-current bus, in
a case that the grid-connected converter enters the high
voltage ride-through mode.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of power electronics, and in particular to a grid-con-
nected converter and a method for controlling a high volt-
age ride-through for the grid connected converter.

BACKGROUND

[0002] High voltage ride-through refers to an ability of
the grid-connected inverter to continue operating without
going off-grid within a certain range of voltage rise and
time interval in a case of an increase in a voltage of a
grid-connected point of the grid-connected inverter due
to a power system accident or disturbance.
[0003] For example, in a normal operation of a three-
phase grid-connected inverter, a voltage of a direct-cur-
rent bus is controlled to be an addition of a certain voltage
and a peak of a line voltage of a grid-connected point,
so as to ensure an effective control of the grid- connected
inverter. In a case that the power grid enters a high volt-
age ride-through state, an increase of the voltage of the
grid-connected point causes the line voltage of the grid-
connected point being greater than the voltage of the
direct-current bus, so that energy from a grid side flows
back to the direct-current bus.
[0004] In a case that the voltage of the direct-current
bus is less than the line voltage of the grid-connected
point, a filtering inductor on the alternating-current side
is under a reverse voltage difference, and a grid-connect-
ed current continues to increase in reverse. In an appli-
cation scenario of a deep high voltage ride-through,
where the grid voltage significantly exceeds a normal rat-
ed voltage of the grid (for example, the grid voltage is
greater than 1.25 times of the rated voltage), a sudden
increase in the voltage of the grid-connected point occurs
and cause a long-term voltage difference for the filtering
inductor. In this case, an off-grid state may be caused
under the overcurrent protection mechanism triggered
by an excessive grid-connected current.

SUMMARY OF THE INVENTION

[0005] In view of this, a grid-connected converter and
a method for controlling a high voltage ride-through for
a grid-connected converter are provided according to the
present disclosure, with which a time period in which the
filtering inductor is under a reverse voltage difference is
reduced, and the off-grid state under the protection
mechanism triggered by an excessive grid-connected
current is avoided.
[0006] In order to achieve the above objectives, the
following technical solutions are provided in the present
disclosure.
[0007] In a first aspect of present disclosure, a method
for controlling a high voltage ride-through for a grid-con-

nected converter is provided. The method includes: ob-
taining detection data of a voltage of a grid-connected
point of the grid-connected converter; determining,
based on the detection data of a voltage of the grid-con-
nected point, whether the grid-connected converter en-
ters a high voltage ride-through mode; and controlling an
inverting circuit of the grid-connected converter to enter
an off state, and controlling a converting circuit connected
to a direct-current bus to switch to a state of controlling
a voltage of the direct-current bus, in a case that the grid-
connected converter enters the high voltage ride-through
mode.
[0008] In an embodiment, in the state of controlling a
voltage of the direct-current bus, the voltage of the direct-
current bus of the grid-connected converter is raised to
a preset voltage.
[0009] In an embodiment, the preset voltage is related
to a ride-through depth and is calculated based on the
detection data of a voltage of the grid-connected point.
[0010] In an embodiment, the converting circuit is a
DC-DC converting circuit connected to a photovoltaic
string. The controlling a converting circuit connected to
a direct-current bus to switch to a state of controlling a
voltage of the direct-current bus includes: controlling the
converting circuit to exit a maximum power point tracking
MPPT disturbance state; and controlling the converting
circuit to enter the state of controlling a voltage of the
direct-current bus.
[0011] In an embodiment, the method further includes:
after the controlling an inverting circuit of the grid-con-
nected converter to enter an off state, and controlling a
converting circuit connected to a direct-current bus to
switch to a state of controlling a voltage of the direct-
current bus, determining, based on a grid-connected cur-
rent of the grid-connected converter, whether to cease
the off state; and controlling, on determining to cease the
off state, the inverting circuit and the converting circuit to
operate normally.
[0012] In an embodiment, the determining, based on
a grid-connected current of the grid-connected converter,
whether to cease the off state includes: determining
whether an absolute value of the grid-connected current
is less than a preset threshold for a reverse current, and
whether the voltage of the direct-current bus of the grid-
connected converter is stable; and determining to cease
the off state in a case that the absolute value of the grid-
connected current is less than the preset threshold for a
reverse current and/or the voltage of the direct-current
bus is stable.
[0013] In an embodiment, the method further includes:
on determining that the grid-connected converter enters
the high voltage ride-through mode, calculating, in real
time, a reference voltage of the direct-current bus of the
grid-connected converter under a current voltage of the
direct-current bus; and determining the reference voltage
of the direct-current bus as an initial voltage of the direct-
current bus in a control loop of the inverting circuit after
the off state is ceased.
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[0014] In an embodiment, the calculating, in real time,
a reference voltage of the direct-current bus of the grid-
connected converter under a current voltage of the direct-
current bus includes: obtaining the reference voltage of
the direct-current bus by correcting the current voltage
of the direct-current bus based on a grid phase angle and
a peak of a current line voltage of the grid-connected
point comprised in the detection data of a voltage of the
grid-connected point.
[0015] In an embodiment, the method further includes:
on determining that the grid-connected converter enters
the high voltage ride-through mode, clearing a loop con-
trol variable of the inverting circuit before ceasing the off
state.
[0016] In an embodiment, the determining, based on
the detection data of a voltage of the grid-connected
point, whether the grid-connected converter enters a high
voltage ride-through mode includes: determining, based
on the detection data of a voltage of the grid-connected
point, whether the voltage of the grid-connected point of
the grid-connected converter is greater than a preset
threshold for a high-voltage ride-through; and determin-
ing that the grid-connected converter enters the high volt-
age ride-through mode in a case that the voltage of the
grid-connected point is greater than the preset threshold
for a high-voltage ride-through.
[0017] In a second aspect of present disclosure, a grid-
connected converter is provided, including a controller
and an inverting circuit. An alternating-current side of the
inverting circuit is connected to a grid-connected point of
the grid-connected converter. A direct-current side of the
inverting circuit is connected to an output terminal of at
least one converting circuit through a direct-current bus.
A bus capacitor is connected between a positive elec-
trode and a negative electrode of the direct-current bus.
An input terminal of the converting circuit is connected
to a power supply. The inverting circuit and the converting
circuit are controlled by the controller. The controller is
configured to perform the method as described in the first
aspect.
[0018] In an embodiment, the converting circuit is a
DC-DC converter, and the power supply is a photovoltaic
string or an energy storage battery.
[0019] In an embodiment, the converting circuit is a
boost converting circuit.
[0020] In an embodiment, the inverting circuit is a
three-phase full bridge converting circuit, or a three-level
AC-DC converting circuit.
[0021] In an embodiment, the grid-connected convert-
er further includes a filtering circuit connected to the al-
ternating-current side of the inverting circuit and the grid-
connected point.
[0022] In the method for controlling a high-voltage ride-
through for a grid-connected converter, detection data of
a voltage of the grid-connected point of the grid-connect-
ed converter is obtained, and it is determined, based on
the detection data of a voltage of the grid-connected
point, whether the grid-connected converter enters the

high voltage ride-through mode; and the inverting circuit
of the grid-connected converter is controlled to enter the
off state, and the converting circuit connected to the di-
rect-current bus is controlled to switch to the state of con-
trolling the voltage of the direct-current bus, in a case
that the grid-connected converter enters the high voltage
ride-through mode. That is, the voltage of the direct-cur-
rent bus is controlled by the converting circuit connected
to the direct-current bus, so that the voltage difference
between the voltage of the grid-connected point and the
voltage of the direct-current bus is under control. There-
by, a time period in which the filtering inductor is under
a reverse voltage difference is reduced, and an off-grid
state under the protection mechanism triggered by an
excessive grid-connected current is avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] For a clearer illustration of technical solutions
in the embodiments of the present disclosure or conven-
tional technology, the drawings to be used for describing
the embodiments or the conventional technology are
briefly described hereinafter. Apparently, the drawings in
the following description are only some embodiments of
the present disclosure. Those of ordinary skills in the art
can obtain other drawings from the provided drawings
without any creative effort.

Figure 1 is a schematic structural diagram of a grid-
connected converter according to an embodiment of
the present disclosure;

Figure 2 is a flowchart of a method for controlling a
high voltage ride-through for a grid-connected con-
verter according to an embodiment of the present
disclosure;

Figure 3 is flowchart of a method for controlling a
high voltage ride-through for a grid-connected con-
verter according to another embodiment of the
present disclosure; and

Figure 4 is flowchart of a method for controlling a
high voltage ride-through for a grid-connected con-
verter according to yet another embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0024] Technical solutions of embodiments of the
present application are clearly and completely described
hereinafter in conjunction with the drawings of the em-
bodiments of the present application. Apparently, the em-
bodiments described in the following are only some em-
bodiments of the present application, rather than all em-
bodiments. All other embodiments obtained by those
skilled in the art based on the embodiments in the present
disclosure without any creative work fall within the pro-
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tection scope of the present disclosure.
[0025] In the present disclosure, terms "include", "com-
prise" or any other variants thereof are intended to be
non-exclusive. Therefore, a process, method, article or
device including a series of elements includes not only
the elements but also other elements that are not enu-
merated, or further include elements inherent to the proc-
ess, method, article or device. In absence of more re-
strictions, the elements defined by the "including a(n) ..."
do not exclude presence of other identical elements in
the process, method, article, or device that includes the
elements.
[0026] A method for controlling a high voltage ride-
through for a grid-connected converter is provided ac-
cording to an embodiment. With the method, a time pe-
riod in which the filtering inductor is under a reverse volt-
age difference is reduced, and an off-grid state under a
protection mechanism triggered by an excessive grid-
connected current is avoided.
[0027] As shown in Figure 2, the method for controlling
a high voltage ride-through for a grid-connected convert-
er includes steps S101 to S103.
[0028] In S101, detection data of a voltage of a grid-
connected point of the grid-connected converter is ob-
tained.
[0029] The detection data of the voltage of the grid-
connected point mainly includes the voltage of the grid-
connected point voltage detected in real time (Vpcc as
shown in Figure 1). Based on amplitude of the voltage
of the grid-connected point, it is determined, in step S102,
whether the grid-connected converter enters a high volt-
age ride-through mode.
[0030] In S102, it is determined, based on the detection
data of the voltage of the grid-connected point, whether
the grid-connected converter enters a high voltage ride-
through mode.
[0031] The step S102 may specifically include: deter-
mining, based on the detection data of a voltage of the
grid-connected point, whether the voltage of the grid-con-
nected point of the grid-connected converter is greater
than a preset threshold for a high-voltage ride-through;
and determining that the grid-connected converter enters
the high voltage ride-through mode in a case that the
voltage of the grid-connected point is greater than the
preset threshold for a high-voltage ride-through.
[0032] The preset threshold for a high-voltage ride-
through is set in advance. A specific value of the preset
threshold for a high-voltage ride-through may be deter-
mined based on an actual application. In an application,
the preset threshold for a high-voltage ride-through may
be set to a large value, such as 1.25 times of a rated
voltage of the grid, so that subsequent steps are per-
formed only when the high-voltage ride-through has a
large depth. In this case, the high-voltage ride-through
mode is called a deep high-voltage ride-through mode.
Alternatively, the preset threshold for a high-voltage ride-
through may be set to a small value, so that the subse-
quent steps are performed as the high voltage ride-

through occurs. The value of the preset threshold for a
high-voltage ride-through is not specifically limited here,
and depends on a specific application.
[0033] The method proceeds to S103 in a case that it
is determined in S102 that the grid-connected converter
enters the high voltage ride-through mode. The grid-con-
nected converter operates normally in a case that it is
determined in S102 that the grid-connected converter
does not enter the high voltage ride-through mode.
[0034] In S103, an inverting circuit of the grid-connect-
ed converter is controlled to enter an off state, and a
converting circuit connected to a direct-current bus is
controlled to switch to an operation state of controlling a
voltage of the direct-current bus.
[0035] As the inverting circuit enters the off state, an
internal switching device of the inverting circuit is
switched off. For example, in a three-phase full bridge
topology, in this case, the grid-side energy charges the
direct-current bus through an anti-parallel diode of the
internal switching device, which is equivalent to a three-
phase uncontrolled rectification process. In a case that
the voltage of the grid-connected point is excessively
high, the reverse grid-connected current is prone to over-
shoot.
[0036] Therefore, in step S103, the converting circuit
connected to the direct-current bus is controlled to switch
to the operating state of controlling a voltage of the direct-
current bus. In a case that the grid-connected converter
is a two-stage grid-connected inverter in a photovoltaic
system, the converting circuit is a boost converting circuit,
such as a boost module. The step S103 specifically in-
cludes: controlling the converting circuit to exit a maxi-
mum power point tracking MPPT disturbance state; and
controlling the converting circuit to enter the state of con-
trolling a voltage of the direct-current bus. In a case that
the grid connected converter is coupled, via a direct-cur-
rent side, to a bidirectional energy storage DC-DC con-
verter of an energy storage system, the converting circuit
may refer to such bidirectional energy storage DC-DC
converter, as long as being capable of controlling the
voltage of the direct-current bus.
[0037] In this case, the converting circuit is no longer
in a normal operating state, and is configured to control
the voltage of the direct-current bus. Thereby, the voltage
of the direct-current bus is in a controlled state, and there
is no excessive voltage difference between the voltage
of the direct-current bus and the voltage of the grid-con-
nected point. Therefore, magnitude of the reverse grid-
connected current during the high voltage ride-through
can be reduced and grid-side energy is avoided from
backward-flow or overshoot.
[0038] With the method for controlling a high voltage
ride-through according to the embodiment, the voltage
of the grid-connected point is detected in real time, and
the voltage of the direct-current bus is controlled by the
converting circuit connected to the direct-current bus in
the high voltage ride-through mode, so that the voltage
difference between the voltage of the grid-connected
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point and the voltage of the direct-current bus is under
control. Thereby, the time period in which the filtering
inductor is under a reverse voltage difference is reduced,
and the off-grid state under the protection mechanism
triggered by an excessive grid-connected current is
avoided.
[0039] In an application, the state of controlling a volt-
age of the direct-current bus in step S 103 may specifi-
cally refer to a state of raising the voltage of the direct-
current bus of the grid-connected converter to a preset
voltage. The preset voltage may be related to a ride-
through depth that is calculated based on the detection
data of a voltage of the grid-connected point.
[0040] In the photovoltaic system under the high volt-
age ride-through mode, the switching device of the in-
verting circuit stops operating and enters an off state. In
this case, a boost converting circuit in the preceding stage
continues to operate, and switches from the MPPT dis-
turbance state to the state of controlling the voltage of
the direct-current bus. Thereby, the voltage of the direct-
current bus is raised quickly to the preset voltage, so that
the time period in which the filtering inductor (L as shown
in Figure 1) is under a reverse voltage difference is re-
duced, and the off-grid state under the protection mech-
anism triggered by an excessive grid-connected current
ig is avoided.
[0041] In a preferred embodiment based on the above
embodiment, steps S104 to S105 are further included in
the method after step S103, as shown in Figure 3.
[0042] In S104, it is determined, based on a grid-con-
nected current of the grid-connected converter, whether
to cease the off state.
[0043] The S104 may specifically include: determining
whether an absolute value of the grid-connected current
is less than a preset threshold for a reverse current, and
whether the voltage of the direct-current bus of the grid-
connected converter is stable; and determining to cease
the off state in a case that the absolute value of the grid-
connected current is less than the preset threshold for a
reverse current and/or the voltage of the direct-current
bus is stable. In an application, at least one of the above
conditions may be adopted for determination, which is
not limited here.
[0044] The method proceeds to S105 in a case that it
is determined to cease the off state.
[0045] In S105, the inverting circuit and the converting
circuit are controlled to operate normally, as when the
grid-connected converter does not enter the high voltage
ride-through mode.
[0046] In this case, the inverting circuit is released from
the off state and the converting circuit returns to the
MPPT disturbance state.
[0047] Reference is made to Figure 1. In a case that
the voltage of the direct-current bus rises over the voltage
of the grid-connected point, the filtering inductor L has a
follow current and is under a forward voltage difference,
and the grid-connected current ig decreases. In a case
that the off state is ceased, as the grid-connected current

ig keeps in a reverse rectification and follows and has a
large value, an operation of the switching device of the
inverting circuit may easily cause a change in a converter
loop. Especially, in a case that the inverting circuit is a
three-level converting circuit, an inductor current is di-
rectly directed into a midpoint of the direct-current bus,
resulting in an shift of a midpoint potential, which is easily
to cause a voltage overstress to the switching device.
[0048] In the embodiment, the off state is ceased when
the voltage of the direct-current bus is stable (which
means when a change of the voltage is less than preset
amplitude) and the grid-connected current is decreased
to a preset threshold for a reverse current. Therefore,
duration of the off state may be flexibly adjusted based
on the magnitude of the grid-connected current, and
thereby the overstress in the switching device and a fluc-
tuation in the voltage of the direct-current bus are avoid-
ed.
[0049] It should be noted that in the conventional tech-
nology, no reference voltage of the direct-current bus can
be obtained accurately and quickly when entering the
high voltage ride-through, where the reference voltage
is for tracking, by a controller, of the voltage of the direct-
current bus. Due to the uncertainty of a target value of
the controller of the voltage of the direct-current bus and
the overshoot of a control regulator in a control loop of
the voltage of the direct-current bus, a fluctuations in the
voltage of the direct-current bus may occur, and a tran-
sition time period for the grid-connected converter from
a transient state to a steady state during the high voltage
ride-through may be longer. Therefore, a control perform-
ance of the grid-connected converter is affected.
[0050] As the amplitude of a failure on the grid-side
increases, the voltage of the grid-connected point in the
high voltage ride-through becomes higher. In a case that
the grid-connected converter enters the high voltage ride-
through, the grid-side energy flows backwards and over-
shoots and is superimposed with the fluctuation of the
control of the voltage of the direct-current bus. In this
case, it is easily to cause an off-grid state of the grid-
connected inverter under the overcurrent protection for
the alternating-current grid-connected current or the ov-
ervoltage protection for the direct-current bus voltage,
which fails to meet a standard requirement. Moreover,
the direct-current bus voltage may be overvoltage and
burst, resulting in serious hazards such as machine burn-
ing.
[0051] Therefore, a more preferred embodiment of the
method is further provided based on the above embod-
iment. In this embodiment, the method further includes
steps S201 and S202 on determining in S 102 that the
grid-connected converter enters the high voltage ride-
through mode, as shown in Figure 4.
[0052] In S201, a reference voltage of the direct-cur-
rent bus of the grid-connected converter under a current
voltage of the direct-current bus is calculated in a real
time.
[0053] The step of calculating, in real time, a reference
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voltage of the direct-current bus of the grid-connected
converter under a current voltage of the direct-current
bus includes: obtaining the reference voltage of the di-
rect-current bus by performing a pre-correction and post-
correction on the current voltage of the direct-current bus
based on a grid phase angle and a peak of a current line
voltage of the grid-connected point included in the de-
tection data of a voltage of the grid-connected point.
[0054] In an application, in a case that the grid-con-
nected converter enters the high voltage ride-through
mode after step S102, a loop control variable of the in-
verting circuit may be cleared before ceasing the off state.
For example, the clearing operation is performed simul-
taneously with step S201. In a specific example, calcu-
lated values relevant to processes of the controller of the
voltage of the direct-current bus in the inverting circuit
before entering the off state.
[0055] In S202, the reference voltage of the direct-cur-
rent bus is determined as an initial voltage of the direct-
current bus in a control loop of the inverting circuit after
the off state is ceased.
[0056] In an embodiment, after the off state is ceased,
the inverting circuit determines the reference voltage
Vdc* of the direct-current bus obtained in step S201 as
a given initial value of the voltage of the direct-current
bus in the controller of the voltage of the direct-current
bus, so as to adjust response power of a control param-
eter during the high voltage ride-through.
[0057] An embodiment of the method for controlling a
high voltage ride-through is illustrated hereinafter in con-
junction with Figure 1 by taking a photovoltaic system as
an example.
[0058] In a first step, a voltage Vpcc of a grid-connected
point is detected and calculated in real time during oper-
ation of a grid-connected converter, and it is determined,
based on amplitude of the voltage of the grid-connected
point, whether the grid-connected converter enters con-
trol logic of a deep high voltage ride-through. It is deter-
mined that the grid-connected converter enters the deep
high voltage ride-through mode, in a case that the voltage
Vpcc of the grid-connected point is greater than a set
threshold for the deep high voltage ride-through (i.e. the
above-mentioned preset threshold for a high-voltage
ride-through).
[0059] In a second step, in a case that the grid-con-
nected converter enters the deep high voltage ride-
through mode, the grid-connected converter first enters
logic of switching off an inverting circuit. All inverter power
switching devices are switched off, and a boost module
at a preceding stage is controlled to cease an MPPT dis-
turbance state. Thereby, the grid-connected converter is
switched to a state of controlling a voltage of the direct-
current bus, and boost of the voltage of the direct-current
bus is controlled. Moreover, a threshold of the boost of
the voltage of the direct-current bus (i.e. the preset volt-
age as mentioned above) is calculated based on a ride-
through depth. In this case, the direct-current bus is
charged by grid-side energy through an anti-parallel di-

ode of a switching device in the inverting circuit, which
is equivalent to a three-phase uncontrolled rectification
process. In addition, the boost module boosts and charg-
es the direct-current bus, until the voltage of the direct-
current bus reaches the set threshold of boost.
[0060] In a third step, during the off state of the inverting
circuit, all calculated components in a regulator for control
of the voltage of the direct-current bus are cleared, and
the voltage of the direct-current bus, a peak of a current
line voltage of the grid-connected point, and a grid angle
are sampled and calculated in real time. An initial refer-
ence voltage Vdc* of the direct-current bus is calculated
based on the voltage of the direct-current bus, the peak
of the current line voltage of the grid- connected point,
and the grid angle sampled in real time.
[0061] In a fourth step, amplitude of a three-phase grid-
connected current is detected in real time. In a case that
it is determined to cease following of a reverse current
of the grid when the reverse grid-connected current is
less than a set threshold (i.e., the preset threshold for a
reverse current as mentioned above), the logic of off state
is ceased, and the initial reference voltage Vdc* of the
direct-current bus calculated in the third step is assigned
to the regulator for control of the voltage of the direct-
current bus. Then the reference voltage is adjusted
based on the voltage of the grid-connected point. In this
way, it is ensured that regulation by the regulator is based
on the reference voltage Vdc* of the direct-current bus.
The output of overshoot amplitude from the regulator is
significantly reduced, ensuring a stability of the voltage
of the direct-current bus. In addition, the power response
of the grid-connected converter is controlled based on a
requirement on power characteristics during the high
voltage ride-through. The high voltage ride-through con-
trol mode is ceased when the voltage Vpcc of the grid-
connected point restores to be in a normal operating
range.
[0062] According to the method for controlling a high
voltage ride-through, the logic of off state is applied when
the grid-connected converter enters the high voltage ride-
through. The voltage of the direct-current bus is quickly
raised through the boost module during the off state, so
that the overcurrent protection for the backward current
of the grid is avoided. In the off state, the voltage of the
direct-current bus is corrected based on the voltage of
the direct-current bus, the peak of current line voltage of
the grid-connected point, and the grid angle sampled in
real time. Additionally, the condition of ceasing the off
state is set flexibly. In this way, the problem of the over-
shoot and fluctuation of the voltage of the direct-current
bus when the grid-connected converter enters the high
voltage ride-through is solved, and protective off-grid, in-
verter overcurrent, over-modulation, and overstress in
the inverter switching device, and other problems caused
by the overshoot and fluctuation are solved. Therefore,
a capability of high voltage ride-through of the grid- con-
nected converter is improved.
[0063] A grid-connected converter is provided accord-
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ing to another embodiment of the present disclosure. As
shown in Figure 1, the grid-connected converter includes
a controller and an inverting circuit 102.
[0064] An alternating-current side of the inverting cir-
cuit 102 is configured to connect to a grid-connected point
PCC of the grid-connected converter. In an application,
the alternating-current side of the inverting circuit 102 is
connected to the grid-connected point PCC through a
filtering circuit 103. The filtering circuit 103 may include
a filtering inductor L and a resistor on each branch.
[0065] A direct-current side of the inverting circuit 102
is connected to an output terminal of at least one con-
verting circuit 101 through a direct-current bus. A bus
capacitor C is connected to a positive electrode and a
negative electrode of the direct-current bus. The inverting
circuit 102 may be a three-phase full bridge converting
circuit as shown in Figure 1, or may be a three-level AC-
DC converting circuit, which depends on an actual appli-
cation and all shall fall within the protection scope of the
present disclosure.
[0066] An input terminal of the converting circuit 101
is connected to a power supply. The converting circuit
101 may be a DC-DC converter. For example, in a pho-
tovoltaic system, the power supply is at least one photo-
voltaic string, and the DC-DC converter is a boost con-
verting circuit, such as a boost module. In an application
where coupling of an energy storage system is realized
via the direct-current side, the power supply is an energy
storage battery, and the converting circuit 101 is a bidi-
rectional DC-DC converter.
[0067] The inverting circuit 102 and the converting cir-
cuit 101 are controlled by the controller. The controller is
configured to sample, in real time, a voltage Vpcc of the
grid-connected point, a voltage Vdc of the direct-current
bus, a grid-connected current ig, and other parameters.
Normally, the controller is configured to perform data cal-
culation on a voltage control loop of the direct-current
bus of the inverting circuit 102 and a control loop of the
converter unit 101 in response to an instructions, such
as a power instruction, to generate and output a control
signal of the switch device and execute a protection ac-
tion. Moreover, the controller is also configured to per-
form the method for controlling a high voltage ride-
through for a grid-connected converter as described in
any of the above embodiments. Specific process and
principle of the method may be referred to the above
embodiments and is not described in detail here.
[0068] According to an embodiment, the controller per-
forms the method for controlling a high voltage ride-
through, so that the reverse overcurrent during the deep
high voltage ride-through can be suppressed and the
voltage of the direct-current bus during the high voltage
ride-through can be stabilized. In an implementation, at
an initial time instant of the deep high voltage ride-
through, the inverting circuit 102 is in the off state, and
the voltage of the direct-current bus is quickly raised
through the converting circuit 101. In this way, the prob-
lem of reverse and over current of the grid can be solved,

off-grid of the inverter under the overcurrent protection
or more serious damage due to the overcurrent is avoid-
ed, and tolerance of the grid-connected converter to the
high voltage ride-through is improved. Moreover, the time
period of the off state is adjusted flexibly based on the
grid-connected current, so that the offset of the midpoint
potential of the bus capacitor in the three-level converting
circuit is avoided, and the risk of voltage overstress in
the switching device when ceasing the off state is re-
duced. In addition, with the calculation of the reference
voltage of the direct-current bus and the clearance of the
calculated value in the regulator during the high voltage
ride-through, the voltage of the direct-current bus re-
mains stable throughout the high voltage ride-through,
so that the overshoot of the voltage of the direct-current
bus is reduced. Thereby, an over modulation, a high cur-
rent distortion rate, a poor power response and other
problems caused by a low bus voltage can be prevented,
and the risk of high stress in the switching device and
the risk of grid-off triggered by overvoltage protection
caused by a high bus voltage can be prevented. There-
fore, the tolerance of the converter to the high voltage
ride-through is further improved.
[0069] In this specification, the same and similar parts
of the embodiments may be referred to each other, and
each embodiment focuses on differences from other em-
bodiments. In particular, the system or system embodi-
ments are similar to the method embodiments, and there-
fore are described in a simplified manner, and may be
referred to relevant parts of the method embodiments.
The above-described system and system embodiments
are merely schematic. A unit described as a separate
component may or may not be physically separate. Com-
ponents shown as units may or may not be physical units,
that is, the components may be located in a same place
or may be distributed on multiple network units. Some or
all modules thereof may be selected based on an actual
requirement to implement an objective of the solution in
the embodiments. Those skilled in the art can understand
and implement the embodiments without any creative
effort.
[0070] Those skilled in the art may further understand
that, units and algorithm steps described in conjunction
with the embodiments disclosed herein may be realized
by electronic hardware, computer software or a combi-
nation thereof. In order to clearly describe interchange-
ability of the hardware and the software, the composition
and steps of each embodiment are generally described
above based on functions. Whether a function is to be
implemented in a hardware form or a software form de-
pends on a particular application of technical solutions
and a design constraint. Those skilled in the art may im-
plement the described functions through different meth-
ods for each specific application. Such implementation
should not be considered going beyond the scope of the
present disclosure.
[0071] The description of the embodiments herein en-
ables those skilled in the art to implement or use the
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present disclosure. The features in various embodiments
in this specification may be replaced or combined with
each other. Various modifications to the embodiments
are apparent for those skilled in the art. The general prin-
ciples defined herein may be applied to other embodi-
ments without departing from the spirit or scope of the
present application. Therefore, the present application
should not be limited to the embodiments disclosed here-
in, but has the widest scope conform to the principle and
the novel features disclosed in the present disclosure.

Claims

1. A method for controlling a high-voltage ride-through
for a grid-connected converter, comprising:

obtaining detection data of a voltage of a grid-
connected point of the grid-connected convert-
er;
determining, based on the detection data of a
voltage of the grid-connected point, whether the
grid-connected converter enters a high voltage
ride-through mode; and
controlling an inverting circuit of the grid-con-
nected converter to enter an off state, and con-
trolling a converting circuit connected to a direct-
current bus to switch to a state of controlling a
voltage of the direct-current bus, on determining
that the grid-connected converter enters the
high voltage ride-through mode.

2. The method according to claim 1, wherein in the state
of controlling a voltage of the direct-current bus, the
voltage of the direct-current bus of the grid-connect-
ed converter is raised to a preset voltage.

3. The method according to claim 2, wherein the preset
voltage is related to a ride-through depth and is cal-
culated based on the detection data of a voltage of
the grid-connected point.

4. The method according to one of the previous claims,
wherein:

the converting circuit is a DC-DC converting cir-
cuit connected to a photovoltaic string;
the controlling a converting circuit connected to
a direct-current bus to switch to a state of con-
trolling a voltage of the direct-current bus com-
prises:

controlling the converting circuit to exit a
maximum power point tracking MPPT dis-
turbance state; and
controlling the converting circuit to enter the
state of controlling a voltage of the direct-
current bus.

5. The method according to one of the previous claims,
further comprising:
after the controlling an inverting circuit of the grid-
connected converter to enter an off state, and con-
trolling a converting circuit connected to a direct-cur-
rent bus to switch to a state of controlling a voltage
of the direct-current bus,

determining, based on a grid-connected current
of the grid-connected converter, whether to
cease the off state; and
controlling, on determining to cease the off state,
the inverting circuit and the converting circuit to
operate normally.

6. The method according to one of the previous claims,
wherein the determining, based on a grid-connected
current of the grid-connected converter, whether to
cease the off state comprises:

determining whether an absolute value of the
grid-connected current is less than a preset
threshold for a reverse current, and whether the
voltage of the direct-current bus of the grid-con-
nected converter is stable; and
determining to cease the off state in a case that
the absolute value of the grid-connected current
is less than the preset threshold for a reverse
current and/or the voltage of the direct-current
bus is stable.

7. The method according to any one of claims 1 to 6,
further comprising:
on determining that the grid-connected converter en-
ters the high voltage ride-through mode,

calculating, in real time, a reference voltage of
the direct-current bus of the grid-connected con-
verter under a current voltage of the direct-cur-
rent bus; and
determining the reference voltage of the direct-
current bus as an initial voltage of the direct-
current bus in a control loop of the inverting cir-
cuit after the off state is ceased.

8. The method according to claim 7, wherein the cal-
culating, in real time, a reference voltage of the di-
rect-current bus of the grid-connected converter un-
der a current voltage of the direct-current bus com-
prises:
obtaining the reference voltage of the direct-current
bus by correcting the current voltage of the direct-
current bus based on a grid phase angle and a peak
of a current line voltage of the grid-connected point
comprised in the detection data of a voltage of the
grid-connected point.

9. The method according to one of the previous claims,
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further comprising:
on determining that the grid-connected converter en-
ters the high voltage ride-through mode,
clearing a loop control variable of the inverting circuit
before ceasing the off state.

10. The method according to one of the previous claims,
wherein the determining, based on the detection da-
ta of a voltage of the grid-connected point, whether
the grid-connected converter enters a high voltage
ride-through mode comprises:

determining, based on the detection data of a
voltage of the grid-connected point, whether the
voltage of the grid-connected point of the grid-
connected converter is greater than a preset
threshold for a high-voltage ride-through; and
determining that the grid-connected converter
enters the high voltage ride-through mode in a
case that the voltage of the grid-connected point
is greater than the preset threshold for a high-
voltage ride-through.

11. A grid-connected converter, comprising a controller
and an inverting circuit, wherein

an alternating-current side of the inverting circuit
is connected to a grid-connected point of the
grid-connected converter;
a direct-current side of the inverting circuit is
connected to an output terminal of at least one
converting circuit through a direct-current bus;
a bus capacitor is connected between a positive
electrode and a negative electrode of the direct-
current bus;
an input terminal of the converting circuit is con-
nected to a power supply;
the inverting circuit and the converting circuit are
controlled by the controller; and
the controller is configured to perform the meth-
od according to any one of claims 1 to 10.

12. The grid-connected converter according to claim 11,
wherein

the converting circuit is a DC-DC converter, and
the power supply is a photovoltaic string or an
energy storage battery.

13. The grid-connected converter according to one of
claims 11 or 12, wherein the converting circuit is a
boost converting circuit.

14. The grid-connected converter according to one of
claims 11 to 13, wherein the inverting circuit is a
three-phase full bridge converting circuit, or a three-
level AC-DC converting circuit.

15. The grid-connected converter according to any one
of claims 11 to 14, further comprising:
a filtering circuit connected to the alternating-current
side of the inverting circuit and the grid-connected
point.
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